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The mvention provides a variable focus lens formed from a
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brane 1s attached to a radially inner part of the front surface,
and a front cover 1s attached to a radially outer part of the front
surface, arear cover 1s provided on the rear surface of the ring,
preferably integral with the ring, so that a variable volume
cavity 1s defined between the flexible membrane, the ring and
the rear cover, second flexible membrane can be provided
between the ring and the rear cover, where the invention also
provides a method of filling a variable focus lens, and an
adjustment mechanism for varying the focus of the lens.
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1
VARIABLE FOCUS LENS AND SPECTACLES

TECHNICAL FIELD

The invention relates to a variable focus lens, and to spec-
tacles using the variable focus lens.

BACKGROUND

Fluid-filled variable focus lenses are well known. They
normally consist of a liquid-filled chamber, at least one face
of which 1s formed by a transparent flexible membrane. As
liquid 1s 1ntroduced 1nto or removed from the chamber, the
flexible membrane 1s deformed, and 1ts curvature accordingly
changes. This change in curvature leads to a change 1n the
optical characteristics and power of the lens. The power of the
lens can thus be varied simply by varying the amount of liquid
in the chamber.

One type of prior art variable focus lens 1s disclosed, for
example, 1 WO 96/38744. In this document, the amount of
fluid 1n the lens 1s adjusted by inserting a syringe through a
bung, and using the syringe to add or withdraw tluid. If this
lens 1s to be used 1n spectacles, the spectacle frames for the
lenses must allow the lens to be accessed by the syringe, and
it will be appreciated that use of this lens can be rather incon-
venient 1n some circumstances.

For varniable focus lenses for use 1n some types of spec-
tacles, for example reading glasses, the required range of
correction 1s quite small, and correction can be achieved
across the entire range using a relatively small amount of
liquid. This small amount of liquid can be stored 1n a rela-
tively small reservorir.

According to one proposal, the lens can be formed from a
ring to which a flexible membrane 1s attached to form one
wall of a liquid filled cavity, and the reservoir can be provided
in the interior of a hollow extension integral to the ring. As the
reservoir 1s then integral to the ring, there 1s no need to attach
or detach syringes or the like to allow adjustment of the lens.
Further, there 1s no need to provide a separate duct connecting
the reservoir with the lens cavity; in the past, such separate
ducts have been prone to damage, and have been capable of
interfering with the folding of the spectacles.

The volume of the reservoir can be varied, for example by
forming the reservoir as a cylinder and moving a piston in the
cylinder. It has been proposed to provide control means 1n the
torm of a handwheel operatively connected to the piston, such
that rotational movement of the handwheel causes transla-
tional movement of the piston and thus causes the optical
characteristics of the lens to vary.

BRIEF DESCRIPTION

According to a first aspect of the present invention, there 1s
provided a variable focus lens, comprising: a ring with a front
surface and a rear surface, wherein the front surface has a
radially mner part and a radially outer part; a flexible mem-
brane attached to the radially inner part of the front surface; a
front cover, of larger radius than the flexible membrane,
attached to the radially outer part of the front surface; and a
rear cover on the rear surface of the ring, such that a variable
volume cavity 1s defined between the flexible membrane, the
ring and the rear cover.

It 1s also possible to insert a second flexible membrane
between the ring and rear cover, and if this 1s done, 1t 1s
preferable for the rear surface of the ring to have a similar
structure to that of the front surface. Thus, according to a
second aspect of the present invention, there 1s provided a
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variable focus lens, comprising: a ring with a front surface
and a rear surface, wherein the front surface and the rear
surface both have a radially iner part and a radially outer
part; a first flexible membrane attached to the radially inner
part of the front surface; a front cover, of larger radius than the
first flexible membrane, attached to the radially outer part of
the front surface; a second flexible membrane attached to the
radially inner part of the rear surface; and a rear cover, of
larger radius than the second flexible membrane, attached to
the radially outer part of the rear surface, such that a variable
volume cavity 1s defined between the flexible membranes and
the ring.

It will be appreciated that the radially inner part and the
radially outer part of the front surface (and, i1t appropriate,
rear surface) of the ring can take a large number of different
forms. In one presently preferred form, the radially inner part
projects axially beyond the radially outer part, with the radi-
ally mner part and the radially outer part preferably being
separated by a groove. As the radially mner part projects
beyond the radially outer part, a step 1s formed 1n the outer
profile of the ring.

It 1s further preferred for the front cover (and, if appropri-
ate, the rear cover) to be formed with an annular projection
that fits into the step of the profile of the ring. This construc-
tion allows a stronger joint between the cover and the ring.

It 1s also possible for the radially inner part and the radially
outer part to have the same axial projection and be separated
by a groove.

The cover can be attached to the ring by adhesive. How-
ever, 1t 1s also possible to use laser or ultrasonic welding to
attach the cover to the ring. These methods may be preferred,
as they avoid the need for a separate step of providing adhe-
stve, and can increase the production rate as they do away
with the need to allow the adhesive to cure.

According to a third aspect of the present invention, there 1s
provided a method of filling a varniable volume cavity of a
variable focus lens with liquid, wherein the lens includes an
integral hollow extension with an internal cavity that com-
municates with the variable volume cavity via an opening in
the side wall of the variable volume cavity; comprising the
steps of: arranging the lens such that 1ts optical axis 1s hori-
zontal, and the opening in the side wall of the variable volume
cavity 1s at the top of the lens; introducing liquid into the
variable volume cavity through the internal cavity of the
integral extension such that air 1in the cavity 1s displaced and
escapes through the internal cavity of the integral extension;
continuing the previous step until the variable volume cavity
1s entirely filled with liquid, and the internal cavity of the
integral extension 1s partly filled with liquid; rotating the lens
around its optical axis until the axis of the internal cavity of
the integral extension is vertical; introducing more liquid into
the internal cavity of the itegral extension until a positive
meniscus 1s formed at the mouth of the internal cavity; and
inserting a piston into the internal cavity of the integral exten-
s10n to seal it.

It has been found that this method avoids mtroducing air
bubbles into the lens during filling, and also allows all of the
air 1n the variable volume cavity to escape before the lens 1s
sealed.

According to a still further aspect of the invention, there 1s
provided a variable focus lens comprising a ring with a front
surface and a rear surface, a flexible membrane and a front
cover attached to the front surface, and a rear cover on the rear
surface of the ring, such that a variable volume cavity 1s
defined between the flexible membrane, the ring and the rear
cover, wherein the ring i1s provided with a integral hollow
extension, the hollow interior of said extension communicat-
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ing with said cavity, and forming a liquid reservoir for the
variable focus lens when the variable volume cavity 1s filled
with liquid; the lens being further provided with an adjust-
ment mechanism on the integral hollow extension, the adjust-
ment mechanism comprising: a piston arranged to move
along the axis of the reservoir, to move liquid into or out of the
variable volume cavity; means for holding the piston in the
reservolr and preventing it from being withdrawn; and an
adjuster coupled to the piston, such that rotation of the
adjuster causes the piston to move along the axis of the
Ireservoir.

Such an adjustment mechanism 1s acceptable to users, and
allows simple adjustment of the volume of the cavity and thus
of the power of the lens.

Preferably, means are provided to prevent the piston from
rotating 1n the reservoir. This reduces the risk of the seal
between the piston and the inside of the reservoir being
degraded, which 1s particularly important as this could lead to
leakage of the liquid.

In a preferred form, the piston has a shait with a non-
circular cross-section, and said adjustment mechanism addi-
tionally comprises a keyway to prevent the piston from rotat-
ing in the reservorr.

It 1s further preferred for the piston shaft to have an external
screw thread which engages 1n a bore 1n the adjuster with an
internal screw thread. This provides a particularly simple and
robust mechanism for converting the rotational movement of
the adjuster into translational movement of the piston.

Preferably, a retainer serves to hold the keyway and the
adjuster 1n place on the extension. This simplifies the assem-
bly of the adjustment mechanism.

A cosmetic knob may be provided on said adjuster to
improve its appearance. If such a knob 1s provided, then it 1s
preferred for a clutch mechanism to be disposed between the
adjuster and the knob, to prevent damage to the mechanism
from overtightening.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will now be
described by way of example only and with reference to the
accompanying Figures, in which:

FIG. 1 1s an exploded view of an earlier proposed form of
variable focus lens;

FIG. 2 1s a cross-sectional view of an embodiment of a
variable focus lens according to the present invention;

FIGS. 3a to 3d are a series of cross-sectional views, show-
ing stages in the assembly of the lens of FIG. 2;

FIGS. 4a to 4¢ show methods of constructing a lens user
laser welding;

FIGS. 5a and 55 show methods of constructing a lens using
ultrasonic welding;

FIGS. 6a and 656 show alternative constructions of a part of
the ring of the lens;

FIGS. 7a to 7k are a series of views showing the process of
filling a lens with an integral extension;

FIG. 8 1s a perspective view of a pair of spectacles;

FIGS. 9a to 9m are a series of views showing the assembled

adjustment mechanism and the various parts thereof;
FIGS. 10a to 104 illustrate the steps of installing a lens in

a spectacle frame;

FIGS. 11a to 11c¢ illustrate a different method of installing
a lens 1n a spectacle frame; and

FI1G. 12 1s a view of spectacle frames with vertical adjust-
ers.

DETAILED DESCRIPTION

FIG. 1 shows an earlier proposed lens 10 with an integral
reservolr. The lens 1s formed from a plastic ring 20, which has
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an integral extension 22 with a hollow bore 24 therein. A rear
cover 60 1s attached to the rear of the ring 20, and a flexible
membrane 40 1s attached to the front of the ring. The ring 20,
the rear cover 60 and the flexible membrane 40 between them
form a cavity which 1s filled with liquid; further liquid can be
introduced 1nto and removed from the cavity to deform the
flexible membrane and thus adjust the power of the lens. A
front cover 50 1s attached to the flexible membrane for pro-
tection.

The hollow bore 24 of the extension 22 serves as a reser-
voir, and contains a small amount of liquid which can be used
to vary the power of the lens. A piston 1n the bore can be
moved toward and away from the ring, to move liquid into and
out of the cavity and thus deform the flexible membrane.

In order to reduce the amount of fluid required for correc-
tion, the front and back covers can be formed as lenses, whose
combined optical powers are such that the total volume of
liqguid needed to change the power of the lens over the desired
range 1s reduced. This allows the lens to be slimmer, and also
allows the reservoir (and thus the extension) to be reduced 1n
s1ze. Thus, there 1s a greater freedom of design of the frames
accommodating the lenses.

The combination of powers can be such that the lens can
have a negative power overall, even when the power of the
cavity part of the lens 1s positive (ie when the flexible mem-
brane curves outwards from the ring). This 1s advantageous,
as 1t allows the pressure of the liquid 1n the cavity to remain at
or above atmospheric pressure, and thus avoids the risk of
outgassing of the liquid in the cavity, which would lead to
bubbles 1n the lens.

In the earlier proposed lens, the flexible membrane 40 was
attached to the front face of the ring 20, and the front cover 50
was then attached to the flexible membrane. Thus, the adhe-
stve attaching the flexible membrane 40 to the ring 20 had to
be strong enough to support the weight of the tlexible mem-
brane 40 and the front cover 50.

In addition, the flexible membrane 40 had to be such that
adhesive would stick to both sides of it. Thus, it was either
necessary to limit the range of materials from which the
membrane could be made, or subject the membrane to a
treatment on both sides to ensure that adhesive would stick to
it. In practice, the membrane was usually formed from Mylar,
which requires surface treatment betore adhesive will stick to
it.

FIG. 2 shows a cross-section through an assembled lens
according to an embodiment of the current invention, and
FIGS. 3a to 3d show steps 1n 1ts manufacture. Here, 1t will be
noted that the rear cover and the ring are formed integrally (as
a single part 120), but 1t will be appreciated that they can be
formed separately and assembled 1n a separate step. Further,
it will be seen that the rear cover and the front cover 150 are
both formed as lenses.

As best seen 1n FIG. 3a, the front surface 122 of the ring
120 1s stepped, 1n that the radially mnner part 124 (hereinafter
referred to as the inner step) projects axially beyond the
radially outer part 126 (hereinafter referred as the outer step).
The flexible membrane 140 1s bonded to the inner step 124,
for example by means of adhesive 128, and the front cover
150 1s bonded to the outer step 126, again for example by
means of adhesive 130. It should be mentioned that the size of
the 1nner step 124 1s greatly exaggerated 1n the drawings for
clanity purposes, and that in a real lens the iner step 124
projects axially by a fraction of amillimeter. It1s also possible
for a groove 132 to be provided between the radially inner part
124 and the radially outer part 126, as shown 1n FIG. 6a.

Indeed, as long as there 1s a radially inner part 124 to which
the tlexible membrane can be attached and a separate radially
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outer part 126 to which the front cover can be attached, there
1s no need for the 1inner part 124 to project beyond the outer
part 126. However, 1t 1s still preferred for there to be a groove
132 between the radially inner part 124 and the radially outer
part 126. Such an arrangement 1s shown in FIG. 6b.

As a first step 1n the construction of the lens, an adhesive
128 1s applied to the 1nner step 124. In a preferred form, this
adhesive 1s a UV cure acrylic monomer such as Loctite 3301,
but 1t will be appreciated that any suitable adhesive can be
used.

The flexible membrane 140 1s then applied to the adhesive
coating 128 on the inner step 124. The flexible membrane can
be formed from any suitable matenal. In a preferred form, the
membrane 1s formed from Mylar DL1, which has been pre-
treated on the surface 142 which will be attached to the ring
120, to improve its adhesion characteristics.

Preferably, the flexible membrane 140 1s pre-tensioned
before it 1s attached to the ring 120, as this improves the
optical characteristics of the lens. In a preferred form, a large
sheet of the membrane 1s pre-tensioned and 1s then simulta-
neously attached to a number of rings. If this 1s done, then 1t
1s preferable for each region of membrane which 1s attached
to a ring to be pre-tensioned separately, but 1t 1s also possible
to tension the entire sheet.

If an mndividual membrane 1s attached to a ring 120 (rather
than attaching several rings to the same membrane 1n a single
step as discussed above), then 1t 1s preferred for the flexible
membrane 140 to project radially beyond the inner step 124,
to ensure that 1t 1s adhered to the entire surface of the inner
step 124. I1 the flexible membrane 140 were exactly the same
s1ze as the mner step 124, then 1t would be necessary to align
it extremely precisely during the attachment step; the pre-
terred method avoids this requirement. The flexible mem-
brane 140 may be cut roughly to size before attachment, and
may project radially slightly beyond the inner step 124.

The adhesive 1s then allowed to cure (in the preferred form,
it 15 exposed to UV light). After the adhesive 1s cured, the
tflexible membrane 140 1s trimmed along the edge of the inner
step 124, so that the outer step 126 1s exposed (as shown by
arrow 144 1n FIG. 3b). The cutter can use the axial face of the
inner step 124, or the groove 132 between the radially inner
part 124 and the radially outer part 126, as a guide for this
cutting. It 1s also possible to use a laser (1n particular a CO,,
laser) to cut the membrane, and this may be preferable, as 1t
avolds any problems such as tearing or snagging that can
result from attempting to cut the membrane with a blade
which has become blunt.

A layer of adhesive 130 1s then applied to the outer step 126
(as shown 1n FIG. 3¢). In the preferred form, this adhesive 1s
again a UV cure acrylic monomer such as Loctite 3301, but 1t
will be appreciated that any suitable adhesive can be used.
Further, although the outer step 126 and thus the layer of
adhesive 1s shown 1n the drawings as being comparatively
deep 130, the reader 1s reminded that the step 1s 1n reality only
a fraction of a millimeter 1n depth.

Lastly, the front cover 150 1s positioned on the adhesive
layer 130 1n the outer step 126, and the adhesive 1s allowed to
cure (for example, by being exposed to UV light again).

The completed assembly 1s shown 1in FIGS. 2 and 3d. As
will be seen, the front cover 150 overlies the edge of the
flexible membrane 140, and the spacings may be such that the
edge of the membrane 140 1s clamped between the ring 120
and the front cover 150. Alternatively, the parts of the lens can
be arranged such that there 1s a gap between the edge of the
flexible membrane 140 and the front cover 150.

Although the surfaces of the radially inner part 124 and the
radially outer part 126 to which the membrane 140 and the
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6

front cover 150 are attached are shown as flat, this need not be
the case. The surfaces could be concave, to accommodate the
adhesive. Further, the radially inner part 124 can be formed
with a further groove (or a projection) which engages with a
corresponding projection (or groove) on the front cover 150.
The groove would engage with the projection as the front
cover 150 1s assembled onto the lens, and this would stretch
the flexible membrane 140 to further improve its optical prop-
erties. Other interengaging means for stretching the tlexible
membrane can of course be envisaged.

Although a method of assembly using adhesives has been
described, 1t should be appreciated that other assembly meth-
ods can be used. For example, the membrane and the front
cover could be connected to the ring by means of ultrasonic
welding or similar. This could be done 1n a two-step method,
similar to that discussed above; however, 1t would also be
possible to weld the ring, membrane and cover together 1n a
single step. Further, a method combining adhesives and ultra-
sonic welding 1s also possible, and 1t 1s also possible to use
laser welding to assemble the lens.

Methods of assembling a lens corresponding to the method
described with reference to FIGS. 2 and 3a to 34 but using
laser welding will now be described with reference to FIGS.
da to 4c, and methods using ultrasonic welding will be
described with reference to FIGS. 5q and 3b.

The lens being assembled 1n FIG. 44 includes an integrally
formed rear cover and ring, denoted by the reference numeral
120a. The front surface of the ring 1204 1s formed with a step,
similar to ring 120. A flexible membrane 140a 1s attached to
the mner step by means of adhesive, as described previously.

The front cover 150q 1s formed with an annular projection
152a, which fits into the outer step and surrounds the 1nner
step. When the front cover 150q 1s assembled onto the ring
120qa, the rear surface 154a of this annular projection 1524
contacts the front face of the ring 120a, and the rear surface
and the front face can be welded together by means of trans-
mission laser welding, with the laser beam 1564 being pro-
jected through the ring or the front cover. Laser welding 1s a
quick process, and in particular can be advantageous as 1t does
away with the curing time required when adhesives are used.
Laser welds also tend to be of high quality.

As the ring and the front cover are both formed from
transparent materials, 1t may be necessary to provide a melt
zone by positioning an opaque material (such as carbon
black) at the join, to absorb the laser radiation in suificient
quantities to allow the weld to be formed. However, as this
opaque material will be visible in the finished lens through the
transparent parts, it 1s preferable to use a material which 1s
optically transparent but can absorb laser radiation outside
the visible spectrum (eg an infra-red absorber such as Clear-
weld®).

Further, it may be possible to do away with the step of
attaching the flexible membrane 140a to the ring 120q, and to
simply clamp the entire assembly together prior to the laser
welding step. In this case, 1t would be necessary to provide
some means of preventing too much heat getting to the mem-
brane, for example by shaping the surfaces of the ring 120a
and the front cover 150a which contact the membrane 140aq.
Such a method has the obvious advantage of reduced manu-
facturing time.

As an aside, 1t should be noted that the specific shape of the
front cover 150aq, and in particular the annular projection
152a, can be advantageously employed in the two-step adhe-
stve method described with reference to FIGS. 2 and 3a to 34.
The annular projection allows adhesive to spread around the
geometry of the lens more easily, and provides a stronger joint
with superior aesthetic features.
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A second laser welding method 1s shown 1n FIGS. 45 and
dc. Here, the ring 1205 and the front cover 1505 are similar to
ring 120a and front cover 150a shown in FIG. 4b, and in
particular front cover 1505 has an annular projection 1525.
However, both the ring 1205 and the front cover 1506 are
tformed with a notch around their mating peripheries, which
can be melted together using a laser 1585 aimed from the side
of the lens to form a weld 16056. The laser may be one whose
radiation 1s absorbed by the lens materials (such as a CO,
laser), or an absorber material may be used as mentioned
above.

Again, the flexible membrane 1406 can be adhered to the
ring 1205 prior to assembly of the front cover 1506, or the
entire lens can be clamped together prior to the laser welding
step.

Joint geometries for use with ultrasonic welding are shown
in FIGS. 5q and 5b6. These can be very similar to those used for
laser welding, except that an energy director must be provided
on one of the parts to be welded together.

FI1G. 5a shows a flexible membrane 140c¢ attached to a ring
120c by means of adhesive. In the outer step of the ring 1s an
energy director 162¢, which projects towards the front of the
lens. The point of the energy director comes into contact with
the front cover 150¢, allowing the front cover and the ring to
be welded together using ultrasonic welding.

FIG. 56 shows an alternative arrangement, in which the
flexible membrane 1404 1s not 1nitially adhered to the ring
1204, but 1s 1nstead clamped between the ring 1204 and the
front cover 150d. The surfaces of the ring 1204 and the front
cover 1504 between which the membrane 1404 are clamped
are provided with projections which hold the membrane 1n
place when the parts of the lens are clamped together, and in
this case the ring 1204 1s provided with an energy director
162d. Thus, the lens can be produced using a single welding
step. 1s required

Like laser welding, ultrasonic welding 1s a quick process,
and cleaner and quicker than using adhesives

If the rear cover 1s formed as a separate member, rather than
integrally with the ring as shown 1n FIG. 2, then 1t possible to
interpose a second tlexible membrane between the ring and
the rear cover. If this 1s done, then the back face of the ring
may also be stepped or otherwise divided 1nto a radially inner

part and aradially outer part, and the process of assembling of

the second flexible membrane and the rear cover would be
similar to that described above for the assembly of the flexible
membrane and the front cover.

Although the above-described methods of attaching the
flexible membrane and the front cover to the ring are currently
preferred, alternative methods can be used.

For example, the ring can be formed 1n a similar manner to
that shown 1n FIG. 2, but with the radially outer part project-
ing above the radially inner part so as to form a recess. The
tflexible membrane 1s attached to the radially inner part within
this recess. The front cover 1s also accommodated within the
recess, and 1s bonded to the ring at its edge (either by adhesive
or welding).

A further possible method of attaching the front cover to
the ring 1mvolves forming the ring with an annular chamber
beneath the radially outer part, with a number of ports formed
between the annular chamber and the radially outer part. After
the front cover 1s brought 1nto contact with the radially outer
part, an adhesive 1s injected 1nto the annular chamber, and the
adhesive tlows through the chamber and the ports to come
into contact with the front cover and thus attach 1t to the ring.

Once the lens has been assembled, 1t needs to be filled with
liquad. It 1s preferred to use silicone o1l, but any suitable liquid
may be used.
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It will be appreciated that 1t 1s extremely important to
prevent the presence of any air bubbles 1n the filled lens. A
currently preferred method of filling the lens 1s shown 1n
FIGS. 7a to 7h. In contrast to the lens shown 1n FIG. 1, the
extension here does not project along a radius of the lens, but
1s 1nstead offset.

In a first step of the filling process, the lens 210 1s posi-
tioned on its edge, with 1ts optical axis horizontal, and with
the extension 222 pointing generally upwards (as seen 1in FI1G.
Ta). Spemﬁcally,, the lens 210 1s positioned so that the hole in
the wall of the ring 220 which communicates with the bore in
the extension 222 1s positioned at the top of the ring 220.
Further, the extension 222 1s angled such that a suitably sized
and shaped needle 230 can be inserted vertically into the lens
cavity through the bore in the extension 222. A gap should be
left between the outside of the needle 230 and the inside of the
bore, to allow displaced air to escape.

Liquid 240 1s then itroduced through the needle 230 1nto
the cavity of the lens 210. The liquid 240 1s introduced 1n a
controlled manner to avoid turbulent tflow and the generation
of bubbles. FIG. 7b shows the situation near the end of this
step, when the cavity 1s almost full of liquid. As can be seen,
arranging the lens 210 so that the hole 1n the wall of the ring
220 1s at the top of the ring ensures that the last air in the cavity
1s resting under the reservoir, and can be displaced and escape
as more liquid 1s introduced 1nto the lens.

Liquid continues to be introduced into the lens, and starts to
{11l the reservoir (see FI1G. 7¢). As the reservoir fills, the needle
230 1s withdrawn (see FIG. 7d), and the lens 1s rotated to bring
the axis of the bore into a vertical position (see FIG. 7e).

Further liquid 1s then added to the reservoir, whose brim 1s
now horizontal. Liquid 1s added until there 1s a positive
meniscus at the brim of the reservoir (see FIG. 7f, although
the meniscus 1s not shown).

A piston 250 1s then 1nserted nto the reservoir (see FIGS.
7gand 7). Contact between the meniscus and the piston head
prevents air from entering the lens 210 via the reservoir as the
piston 250 1s mserted.

In a preferred form, some sort of closed loop system for
automatically controlling flmd flow and lens orientation 1s
provided. (Automated systems for dispensing viscous fluids
are known per se; see for example US 2007/0069041.) The
filling apparatus includes a jig for holding and rotating the
lens as necessary, a bulk filling stage for inserting most of the
liquid into the lens cavity via a needle, a fine filling stage for
trickling the last of the liquid into the reservoir, and an optical
teedback control system on the fine filling stage which detects
when a meniscus 1s formed at the brim of the reservoir and
ends the fine filling.

The piston 250 1s part of the adjustment mechanism, and
can be moved into and out of the reservoir to force liquid into
the lens cavity, or suck liquid from the lens cavity, to vary the
power of the lens.

It will be appreciated that the piston can be moved 1n a great
many ways. However, 1t has been found that wearers of the
spectacles tend to be most comiortable with an adjustment
process that involves rotating a knob 76 whose axis 1s hori-
zontal and generally 1n the plane of the lenses (see FIG. 8).

In i1ts most basic form, the adjustment mechanism com-
prises a piston arranged to move along the axis of the reser-
volr, to move liquid into or out of the cavity, means for
holding the piston centrally 1n the reservoir, and preventing 1t
from being withdrawn, and an adjuster means coupled to the
piston, such that rotation of the adjuster means causes the
piston to move along the axis of the reservoir. The adjustment
mechanism can also include a further cosmetic member,
coupled to the adjuster means to improve 1ts appearance.
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A presently preferred form of the adjustment mechanism
will now be described with reference to FIGS. 9a to 9m. FIG.
9a 15 a side view of the adjustment mechanism 300, and FIG.
96 1s a cross-sectional view of the adjustment mechanism
300. In these two Figures, the adjustment mechanism 1s
removed from the extension on the lens, and 1t will be appre-
ciated that 1n use, the piston will be positioned within the
reservolr. (F1G. 9m 1s another view of the adjustment mecha-
nism 300, with the extension on the lens shown 1n dotted lines,
to clariy how the various parts of the adjustment mechanism
interact with the extension.) FIGS. 9¢ to 9/ are end views and
cross-sectional views, respectively, of the various compo-
nents of the adjustment mechanism.

The piston 310 1s shown 1n FIGS. 9¢ and 9/, and comprises
a piston head 312 mounted at the end of a shaft 314. The
piston head 312 contacts the fluid, and 1s provided with a
circumierential groove 316 to accommodate a seal such as an
O-ring, which seals against the sides of the reservoir. Of
course, other forms of seal can also be used.

The shaft itseltf 314 1s threaded, and as can be seen from
FIGS. 95 and 9e, 1s of rectangular cross-section. (The shape
of the shaft can be visualized as a normal threaded cylinder
which has had its sides removed.)

The shaft 314 of the piston 310 passes through a rectangu-
lar slot 322 1n a keyway 320, shown 1n FIGS. 9g and 9/4. The
keyway 320 1s fixed relative to the extension, and cannot
rotate under normal circumstances. Because of the rectangu-
lar shape of the slot 322 and the piston shait 314, the piston 1s
thus also prevented from rotating. The keyway 320 also
serves as a stop to prevent the piston 310 from being with-
drawn too far from the extension.

It 1s possible to do without the keyway 320, and simply
provide a stop to prevent the piston 310 from being with-
drawn. However, this 1s not preferred, as the piston 310 1s then
able to rotate 1n the reservoir, and this can damage the seal
between the piston and the reservorr.

In the arrangement shown, the keyway 1s clamped against
the end of the extension by a retainer 330 (shown in FIGS. 9;
and 97), which 1s screwed onto the end of the extension.
(Clearly, this will require the extension to be formed with a
cylindrical exterior, unlike the version shown in FIG. 1.) The
retainer 330 1s in the form of a cap with a circular opening 332
in 1ts main face, and the piston shait 314 projects through this
opening.

The opening 332 1n the main face of the retainer 330 also
accommodates an adjuster 340, which 1s 1 the form of a
tubular member with an internal screw thread 342. The inter-
nal screw thread 342 engages with the screw thread formed on
the outside of the piston shait 314 (as best shown 1n FIG. 95).
The external diameter of the body of the adjuster 340 is
slightly less than the internal diameter of the circular opening
332 in the retainer 330, so that the adjuster 340 can rotate
relative to the retainer 330. Further, the adjuster has a project-
ing lip 344, whose external diameter 1s slightly greater than
the internal diameter of the circular opening 332 in the
retainer 330. Thus, the lip 344 engages behind the retainer
330, and holds the adjuster 340 in place.

The adjuster 340 1s held axially against the keyway 320 by
the engagement of the lip 344 behind the retainer 330; how-
ever, 1t 1s Iree to rotate. Meanwhile, the piston 310 1s free to
move axially within the reservorir, but 1s prevented from rotat-
ing by the keyway 320. Thus, rotation of the adjuster 340
serves to screw the piston shait 314 1nto or out of the threaded
bore 342 of the adjuster 340, and thus move the piston 310
along the reservoir to move liquid into or out of the cavity.

It1s also possible to attach a further knob 350 to the adjuster
340 (as shown 1in the drawings). This may be done, for

10

15

20

25

30

35

40

45

50

55

60

65

10

example, to improve the cosmetic appearance of the assem-
bly. Of course, 1t the adjuster 340 itself 1s of acceptable
appearance, then the cosmetic knob 350 can be omitted.

In 1ts simplest form, the cosmetic knob 350 1s directly
connected to the adjuster 340 (for example by adhesive, or by
splines formed on the outside of the adjuster and the 1nside of
the cosmetic knob), so that they rotate as one.

However, it 1s preferred for there to be some form of clutch
mechanism disposed between the adjuster 340 and the cos-
metic knob 350. Such a clutch mechanism can be advanta-
geous 1n situations where the adjustment mechanism could be
damaged by overtightening or the like.

In a simple form, the clutch may be formed as an integral
part of one or both of the adjuster 340 and the cosmetic knob
350. For example, the adjuster 340 can have external splines,
and the cosmetic knob 350 can be formed with inwardly-
projecting fingers, which have a degree of tflexibility. Rotation
of the cosmetic knob 350 causes the fingers to push on the
splines, and this normally rotates the adjuster 340. However,
if the piston 310 has reached the end of its travel, and thus
further rotation of the adjuster 340 1s prevented, then the
fingers will deform and ride over the splines, preventing the
mechanism from being damaged. Of course, other forms of
slipping mechanisms such as friction plates could also be
used.

In a more complex form, a separate clutch member can be
disposed between the adjuster 340 and the cosmetic knob
350. As above, this separate clutch could use elastic deforma-
tion of a part to prevent excessive force transmission, or
slipping mechanisms such as friction plates or a ball bearing
urged 1nto a socket by a spring.

It 1s possible to provide some form of ratchet arrangement
in the adjustment mechamsm, which produces an audible
click or tactile sensation at preset adjustment intervals. For
example, the ratchet may be arranged to click for each change
in power of a quarter of a dioptre.

Although the adjustment mechanism shown in FIGS. 9a
and 95 has the cosmetic knob 350 attached, in practice the
cosmetic knob 350 1s not attached to the mechanism until
aiter the lens has been fitted into the frame. Insertion of a lens
into the frame 1s shown 1 FIGS. 10a to 10d.

As can be seen from FIGS. 10a and 105 1n particular, the
frame 1s formed with a recess to accommodate the lens, and a
through-hole for the extension. As shown by the arrow 1n FIG.
10a, the extension 1s fed through the through-hole, and then
(as shown 1n FIG. 106) the lens 1s pushed into the recess. A lug
1s provided on the lens, opposite the recess, and the lug snaps
into a recess 1n the frame to hold the lens 1n place.

Once the lens 1s secured 1n place, the cosmetic knob 1s fitted
onto the adjuster, as shown 1 FIG. 10¢, and the complete
assembly of frame, lens and knob 1s shown 1n FIG. 10d.

An alternative way of mounting the lenses in a frame 1s
shown 1 FIGS. 11a to 11¢. The adjustment mechanism of
this arrangement 1s slightly different from that of the previous
embodiments, as no separate keyway member 1s provided.
Instead, a part 410 of the frame 400 serves as the keyway, to
prevent rotation of the piston shatt.

As best shown 1n FIGS. 115 and 11¢, the frame 1s provided
with two rearwardly-projecting members 412 at each side. A
slot 1s defined between these members, and the piston shaift
414 engages 1n this slot. The adjustment mechanism 1s not
tully assembled before the lens 1s mounted to the frame;
indeed, the lens 1s mounted after the piston 1s inserted into the
reservolr but before any other parts of the adjuster are
assembled.

The remaining parts of the adjustment mechanism are then
assembled around the frame. The adjuster 1s screwed onto the
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piston shaft, and the retainer 1s fitted over the adjuster to hold
it 1n place. As can seen from FIGS. 11q and 115, the retainer
1s fitted into the frame. The cosmetic knob 1s fitted on, and
then the side arm 1s attached to the frame.

It 1s possible to mould the ring with various sacrificial
structures, which assist the manufacturing process but are
removed before the lens 1s assembled into the frame. For
example, the ring be moulded with structures allowing 1t to be
held and rotated more easily during the filling process; these
can be removed from the ring (for example, by machining)
alter the lens 1s filled, as they are no longer needed at that
point.

Further, although only some specific arrangements of the
extension have been shown 1n the Figures, it should be appre-
ciated that the extension can take any suitable form. In par-
ticular, 1t can be attached to the ring such that its major axis
approaches the ring at any desired angle. Further, the cross-
sectional shape of the extension can be any desired shape, and
the piston head and the retainer can be made to fit this shape.

In a further alternative form, the adjustment mechanism
can be positioned vertically rather than horizontally. FIG. 12
1s a view ol spectacle frames with such vertical adjusters.

The mvention claimed 1s:

1. A vanable focus lens, comprising:

a ring with a front surface and a rear surface, wherein the
front surface has a radially mnner part and a radially outer
part,

a flexible membrane attached to the radially inner part of
the front surtace;:

a front cover, of larger radius than the flexible membrane,
attached to the radially outer part of the front surface;
and

a rear cover on the rear surface of the ring, such that a
variable volume cavity 1s defined between the flexible
membrane, the ring and the rear cover.

2. A variable focus lens as claimed in claim 1, wherein the
radially iner part projects axially beyond the radially outer
part, thus forming a step 1n an outer profile of the ring.

3. A variable focus lens as claimed 1n claim 2, wherein the
front cover 1s formed with an annular projection that fits into
a step of the profile of the ring.

4. A variable focus lens as claimed 1n claim 1, wherein the
radially inner part and the radially outer part are separated by
a groove.

5. A variable focus lens as claimed 1n claim 1, wherein the
front cover 1s attached to the ring by laser welding.

6. A variable focus lens as claimed 1n claim 1, wherein the
front cover 1s attached to the ring by ultrasonic welding.

7. A vanable focus lens, comprising;:

a ring with a front surface and a rear surface, wherein the
front surface and the rear surface both have a radially
inner part and a radially outer part;

a first flexible membrane attached to the radially iner part
of the front surface;

a front cover, of larger radius than the first flexible mem-
brane, attached to the radially outer part of the front
surface:

a second flexible membrane attached to the radially inner
part of the rear surface; and

a rear cover, of larger radius than the second flexible mem-
brane, attached to the radially outer part of the rear
surface, such that a variable volume cavity 1s defined
between the tlexible membranes and the ring.
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8. A method of filling a variable volume cavity of a variable
focus lens with liquid, wherein the lens includes an integral
hollow extension with an internal cavity that communicates
with the variable volume cavity via an opening 1n a side wall
of the variable volume cavity; comprising the steps of:

arranging the lens such that an optical axis 1s horizontal,

and the openming in the side wall of the vaniable volume
cavity 1s at a top of the lens;

introducing liquid into the variable volume cavity through

the internal cavity of the mtegral extension such that air
in the cavity 1s displaced and escapes through the inter-
nal cavity of the integral extension;

continuing the previous step until the variable volume cav-

ity 1s entirely filled with liquid, and the internal cavity of

the integral extension 1s partly filled with liguid;
rotating the lens around the optical axis until an axis of the

internal cavity of the integral extension 1s vertical;
introducing more liquid 1nto the mternal cavity of the inte-

gral extension until a positive meniscus 1s formed at a

mouth of the internal cavity; and

iserting a piston into the internal cavity of the integral

extension to seal the cavity.

9. A vanable focus lens comprising a ring with a front
surface and a rear surface, a flexible membrane and a front
cover attached to the front surface, and a rear cover on the rear
surface of the ring, such that a variable volume cavity 1s
defined between the flexible membrane, the ring and the rear
cover,

wherein the ring 1s provided with a itegral hollow exten-

s1on, a hollow interior of said extension communicating,
with said cavity, and forming a liquid reservoir for the
variable focus lens when the variable volume cavity 1s
filled with liquid;

the lens being turther provided with an adjustment mecha-

nism on the integral hollow extension, the adjustment
mechanism comprising:

a piston arranged to move along an axis of the reservotr, to

move liquid into or out of the variable volume cavity;
means for holding the piston 1n the reservoir and prevent-
ing the piston from being withdrawn; and

an adjuster coupled to the piston, such that rotation of the

adjuster causes the piston to move along the axis of the
IeSErvoilr.

10. A vaniable focus lens as claimed 1n claim 9, wherein
means are provided to prevent the piston from rotating 1n the
reservolr.

11. A variable focus lens as claimed 1n claim 9, wherein the
piston has a shait with a non-circular cross-section, and said
adjustment mechanism additionally comprises a keyway to
prevent the piston from rotating in the reservorr.

12. A variable focus lens as claimed in claim 9, wherein the
piston shaift comprises an external screw thread which
engages 1n a bore 1n the adjuster with an internal screw thread.

13. A variable focus lens as claimed 1n claim 11, wherein a
retainer serves to hold the keyway and the adjuster in place on
the extension.

14. A variable focus lens as claimed 1n claim 9, wherein a
cosmetic knob 1s provided on said adjuster to improve its
appearance.

15. A variable focus lens as claimed 1n claim 14, wherein a
clutch mechanism 1s disposed between the adjuster and the
knob, to prevent damage to the mechanism from overtighten-
ing.
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